It is generally believed that fresh clinical isolates of Staphylococcus aureus often possess greater amounts of surface antigens than do laboratory strains and that these antigens may play a significant role in the observed virulence of staphylococci in experimental animals (7, 13, 19, 23) . Recent observations support the notion that antiphagocytic surface antigens may be a common feature of fresh clinical isolates of S. aureus and that these antigens may elicit the production of specific opsonins in infected hosts. Easmon and Glynn have clearly demonstrated that unique cell surface components ofS. aureus contribute significantly to suppressing the in vivo proliferation of the organisms in mice (6) .
In addition, Peterson et al. demonstrated that in vitro opsonization and phagocytosis of S. aureus strains differed noticeably from strain to strain as a result of the variations in these cell surface components (21) . Daugherty et al. were able to demonstrate the presence of elevated levels of a diverse population of antibodies with staphylococcal specificity in human subjects suffering from staphylococcal infections (3) . Karakawa and Kane subsequently demonstrated serum opsonins with type specificity against the prototype Smith capsule in selected groups ofchildren with histories of chronic staphylococcal infections (10) . However, in spite of these observations, the prevalence of these surface antigens in "fresh clinical" strains of S. aureus have not been adequately investigated, and, consequently, their importance in staphylococcal pathogenesis still remains obscure.
This report describes the sequential separation of the cellular constituents of a fresh clinical isolate of S. aureus, provisionally designated strain D, and the interaction of these components with polymorphonuclear leukocytes (PMN) in the presence of specific heat-stable serum opsonins. Evidence is also presented which indicates that this strain consists of at least two antiphagocytic components, an aminogalacturonic-galactose polymer and a mucopeptide complex. Rabbit antibodies directed against both polymers were shown to facilitate the phagocytosis of this organism by human PMN. In addition, immunochemical evidence is presented which suggests a structural similarity between the acidic polymer of strain D and the capsule of the virulent prototype Scott strain (strain M) of S. aureus.
MATERIALS AND METHODS
Bacterial strains. The encapsulated strain of S.
aureus, provisionally designated strain D, was recovered from purulent fluid obtained from a patient with chronic osteomyelitis. The remaining strains were obtained from the staphylococcal collection of the immunochemistry laboratory at Pennsylvania State University, University Park.
The virulence of these organisms was maintained by animal passage, and 8-h broth cultures of these organisms were lyophilized.
Isolation of surface and cell wall antigens. Lyophilized organisms were rehydrated with sterile saline, grown in beef heart infusion broth supplemented with 3% sucrose, and incubated overnight under 10% C02 tension at 370C. Bulk liquid cultures were inoculated and grown from the starter cultures prepared from lyophilized organisms by the method of McDonald and Karakawa (18) . S. aureus D was grown in 20 liters of beef heart infusion broth, as previously described. Whole cells were recovered by centrifugation and subjected to sequential extraction procedures as described by Kane and Karakawa (9) . Purification of antigens. A 100-mg amount of each of the lyophilized antigens obtained from the pH 7.0, the cold trichloroacetic acid, and the formamide extraction procedures were reconstituted in 0.02 M NH4CO3 and applied to a diethylaminoethyl-cellulose column (2.5 by 30 cm) equilibrated with the same buffer. A linear gradient of increasing carbonate ion concentration (0.02 to 0.3 M) was used to elute the serologically active fractions contained in each ofthese antigen preparations. Each of the serologically active antigens was dialyzed against distilled water, concentrated by vacuum evaporation, and further purified on a Bio-Gel P-100 column (1.5 by 90 cm) equilibrated with phosphate-buffered saline (pH 7.0). The eluted fractions were tested for their ability to react with specific antisera.
Analytical methods. Quantitative analysis of amino sugars was performed by the method of Spackman et al. (27) , as well as by the method of Weber and Winzler, which employs a Technicon Auto Analyzer (28) . Hexoses were quantitated by the anthrone method (24) . In addition, monosaccharides were identified and quantitated with a Technicon Auto Analyzer by the method of Kesler (12) . Alditol acetate derivatives of sugars were determined by gas-liquid chromatography according to the method of Fraser and Mallette, which employs a Varian gas-liquid chromatograph equipped with a flame ionization detector (8) . Total (17) . Procedures for the qualitative and quantitative precipitin tests have been previously described (17) . Mouse protection tests were performed by the method of Lancefield et al. (15) . In vitro phagocytosis tests were performed by a variation of the Roberts method, which employed mid-log-phase organisms, serum opsonins, and human PMN (22) . RESULTS VOL. 21, 1978 on October 18, 2017 by guest http://iai.asm.org/
Interaction
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The following experiments deal with the sequential isolation and purification of the cellular antigens of strain D and the subsequent determination of their biological effects upon the interaction of human PMN, virulent strain D organisms, and specific serum opsonins. To minimize degradation of the surface antigens during the extraction procedure, unwashed whole cells of strain D were sequentially extracted with pH 7.0 buffer, cold trichloroacetic acid, and formamide and purified by methods previously described (9) . An immunologically active substance was isolated from the pH 7.0-extracted preparation and was shown to consist of: 11.1% hexose; 33.2% of an Elson-Morgan-positive compound, with glucosamine used as the reference standard; and only trace amounts of amino acids. Phosphorus and ribitol were not detected. Ionexchange chromatography of an acid hydrolysate of this polysaccharide revealed three major ninhydrin-positive peaks, namely, glucosamine, ammonia, and an unknown peak ( Fig. 2A) , and a small, but significant, level of galactose (Fig.  2B ). The purified polysaccharide was found to be acidic in nature, as evidenced by its retention on diethylaminoethyl-cellulose and its migration towards the anode when subjected to immunoelectrophoresis.
Previous reports have indicated that aminohexuronic acid moieties, which are common features of many staphylococcal acidic antigens, are eluted from cation-exchange columns at approximately the same position as the unknown amino compound shown in Fig. 2 (10) . In an attempt to identify the unknown compound, the acidic polymer was reduced with borohydride and subsequently analyzed. Both the treated and untreated antigens were hydrolyzed with 2 N HCL for 6 h at 100'C and subjected to chromatographic analysis as previously described (10) . Illustrated in Fig. 3 are the results of the chemical analyses of the acidic polymer before and after borohydride reduction. The hydrolysate of the untreated polymer consisted of a major fraction which was eluted off the column at approximately the same time as aminohexuronic acid (Fig. 3A) . After reduction, the hydrolysate revealed the presence of only a small amount of the unknown compound and a peak which cochromatographed with authentic galactosamine (Fig. 3B) . At the present time, the identities of the remaining peaks are not known; however, they may represent partially degraded oligosaccharide fragments. The identification of galactosamine was confirmed by gas-liquid chromatographic analysis of the alditol acetate derivatives of the reduced acidic polymer. On the basis of the retention time and co-chromatography with internal standards, the major peak that eluted from the column was identified as galactosamine. Group-specific teichoic acid was absent from the acidic polysaccharide preparation, as evidenced by the absence of phosphorus and the alditol acetate derivative of ribitol. Quantitative analysis of the acidic polymer was extremely difficult due to the extreme acid lability of the Teichoic acid consisting of the typical constituents, namely, ribitol, glucosamine, alanine, and phosphorus, was readily isolated with purified from the cold trichloroacetic acid extracts of strain D cell walls by the method previously described (10) . The residual acid-extracted cell walls were subsequently extracted with formamide by the method of Krause and McCarty (14) , and the resulting mucopeptide was purified by the method of Karakawa and Krause (11).
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The preparation was subsequently sonically treated for 5 min with a Bionik IV sonic oscillator, and the residue was separated from the clear fluid by centrifugation. Chemical analyses of the residue revealed the presence of the typical constituents of mucopeptide, namely, glucosamine (143.8 ,ug/mg), muramic acid (140.0 ,ug/mg), lysine (127.5 pg/mg), glutamic acid (102.9) Itg/mg), alanine (124.6 ,Ag/mg), and glycine (225.0 ,ug/mg) in a molar ratio of 1:1:1:1:2:5, respectively. The constituents of the soluble, sonically treated mucopeptide fraction differed significantly from those of the particulate mucopeptide in that they included glucosamine, muramic acid, lysine, glutamic acid, alanine, and glycine in a molar ratio of 1:1:2:2:2:7, respectively. In addition, the soluble fraction also contained appreciable amounts of seine, threonine, aspartic acid, and an unknown compound which was eluted just before aspartic acid.
Immunochemical analysis of the acidic polymer. As illustrated in Fig. 4 cipitin reaction between the reduced polymer and antiserum was not completely due to residual, unreduced aminogalacturonic acid determinants, since the precipitin band formed between the reduced polymer and antiserum only formed lines of partial identity with the band formed between the untreated polymer and antiserum. These results suggest that the acidic polymer may possess multiple determinants, namely, aminogalacturonic acid residues, and a specificity toward the glycosidic linkage. Evidence presented in Fig. 5 suggests that antiserum derived from rabbits immunized with strain D cells may consist of at least two populations of antibodies, namely, antibodies with aminogalacturonic acid specificity and antibodies to possible linkage specificity. Figure 5A depicts the quantitative precipitin reaction between the native and reduced polymers with homologous antiserum before carbohydrate adsorption. Figure  5B depicts the results of the precipitin reaction between the native and reduced polysaccharides and antiserum adsorbed, at equivalence, with either the native or reduced polysaccharide.
Note that the antiserum adsorbed with the native polymer gave no significant reaction with the reduced polymer. In contrast, antiserum adsorbed with the reduced polymer still reacted strongly with the native polymer. Both types of antibodies were adsorbed by the untreated polymer, whereas only antibodies with "linkage specificity" were adsorbed by the reduced polymer. These results suggest that the native polymer may, in fact, possess two determinants on the same polymer: an acidic immunodeterminant and a possible glycosidic linkage.
In an extension of these observations, it was noted that the acidic polysaccharide of strain D cross-reacted with the acidic capsule of the Scott encapsulated prototype, strain M, which consists of taurine, aminogalacturonic acid, and fucosamine (16) . Quantitative precipitin analysis (Fig.  6 ) indicated that the cross-reactivity ofthe acidic antigens may be due to aminogalacturonic acid residues. When selected anti-D serum (Fig. 6A) , which reacted significantly with the reduced polymer, was absorbed with the reduced polymer, a significant portion of the antibodies directed against the strain D polymer was removed. In contrast, selected anti-M serum (Fig. 6B) , although reacting strongly with the native acidic Immunochemistry of the mucopeptide complex of strain D. Results of the doublediffusion in agar test (Fig. 7) indicated that the mucopeptide complex obtained from the soluble fraction of the partially sonically treated mucopeptide of strain D and similarly extracted soluble mucopeptide fraction of strain 7007, burn strain, were immunologically distinct (10). In both instances, the soluble fractions were chemically similar, with the only noticeable difference being a higher level of serine in the D complex than in the 7007 complex. Thus, the specificity of the D mucopeptide complex (soluble fraction) is probably strain specific, with the specificity not being entirely due to the mucopeptide moiety. Figure 8 depicts the results of the quantitative precipitin reaction between the mucopeptide complex (mucopeptide complex or cell wall complex), the mucopeptide (solubilized particulate), and selected anti-D serum. The mucopeptide complex gave a strong reaction with antiserum, whereas mucopeptide (particulate) gave a very weak reaction with the antiserum (Fig.  8A) . After adsorption of the antiserum with staphylococcal particulate mucopeptide, the adsorbed serum still gave a significant reaction with the mucopeptide complex but not with the soluble mucopeptide prepared from the particulate mucopeptide.
Opsonic properties of the individual cellular components. In an attempt to determine the biological effects of the acidic polymer and the mucopeptide complex upon the interaction between human PMN, virulent strain D It is significant that antibodies directed against the mucopeptide complex of strain D may be weakly opsonic. For example, anti-D serum adsorbed with homologous mucopeptide complex reduced the opsonic capacity of the serum, whereas a mucopeptide complex from strain 7007 was ineffective in reducing the opsonin capacity of the anti-D serum. The interaction between the mucopeptide complex obtained from strain D suggests that this structure, in part, may be located on the cell surface. From these observations, it appears that the mucopeptide complex moiety may be significant; however, purified mucopeptide devoid of other complexes, such as teichoic and lipoteichoic acids, was ineffective in removal of the opsonins from anti-D serum.
Previous reports by Shayegani suggested that active immunization of rabbits with non-encapsulated S. aureus had no appreciable effect upon the enhancement of in vitro phagocytosis by leukocytes (25, 26) . In these studies, animals immunized with S. aureus, although possessing high levels of serum agglutinins, unequivocally failed to show a greater level of opsonic activity than the normal controls. These 
